SUMMARY
because of an unacceptable incidence of allergic reactions.
Recently, di-isopropyl phenol has been reintroduced for evaluation in the form of an emulsion (a 1 % w/v aqueous solution in 10 % w/v soya bean oil, 1.2% egg phosphatide and 2.25% glycerol) with the generic name propofol. This formulation proved satisfactory for the induction of anaesthesia following a bolus injection, although with some loss of potency compared with the Cremophor preparation (Cummings et al., 1984) . It was decided to use a continuous infusion of propofol to supplement regional anaesthesia during surgery, and to compare its effects with those of methohexitone used in a similar manner.
PATIENTS AND METHODS
Sixty adult patients gave their informed consent to take part in the trial, which was approved by the local ethics committee. They were all to undergo general, urological or orthopaedic surgery which would normally be performed under subarachnoid or extradural analgesia, and all were of ASA grades 1 or 2. Patients with a history of atopy, drug allergy or who were pregnant were not studied. Allocation to receive propofol or methohexitone was on a random basis.
Pre-operative medication was with papaveretum and atropine i.m. approximately 1.5 h before surgery. Thirty-six patients received papaveretum 20 mg, 23 patients received 15 mg and one patient 10 mg; all received atropine 0.6 mg. On arrival of the patient in the anaesthetic room, an i.v. infusion of Hartmann's solution was commenced in a forearm vein and the heart rate and arterial pressure were recorded. The electrocardiogram was continuously displayed. Regional blockade was performed, and all blocks were assessed to ensure their efficacy before general anaesthesia was induced. The local anaesthetic used was bupivacaine in a concentration of 0.5 % for subarachnoid blockade and 0.75 % for extradural blockade. Adrenaline was not used.
Anaesthesia was induced following establishment of blockade by the slow i.v. injection of either 1 % methohexitone or 1 % propofol. During induction the patient was asked to count and the time taken from the beginning of the injection to cessation of counting was recorded as the induction time. Note was taken of any pain on injection, involuntary muscle movement, the incidence and duration of any apnoea, and any evidence of allergic reactions.
Immediately following induction, the patient was attached to a continuous infusion of the pure induction agent using a mains/battery operated pump capable of delivering infusion rates from 1 to 150 ml min" 1 (The Dylade Co. Ltd, Runcorn, Cheshire) so that the infusion could be continued during transfer to the operating theatre. In the early part of the study, the propofol infusion was commenced at a rate of 500 mg h" 1 but, since this proved inadequate in three patients, the initial rate was doubled thereafter. Methohexitone was infused at an initial rate of 400-500 mg h" 1 . Once a satisfactory level of anaesthesia was achieved, the rate of infusion was decreased and adjusted to maintain a light level of anaesthesia with eyelash and pupillary reflexes absent. Bolus doses of the induction agent were given if it was necessary to deepen anaesthesia rapidly. All patients breathed oxygen via a Hudson mask during the procedure and an oral or nasopharyngeal airway was used if necessary. The infusion was stopped shortly before the end of surgery.
Arterial pressure and heart rate were recorded BRITISH JOURNAL OF ANAESTHESIA automatically at intervals and note was taken of any involuntary movements or periods of apnoea. Atropine was given at the discretion of the anaesthetist, to treat bradycardia. The circulating volume was maintained with Hartmann's solution or whole blood. Metaraminol was given if it was thought necessary to increase rapidly or to prevent any further decrease in arterial pressure. The times from the cessation of the infusion to the patients opening their eyes on command and giving their correct dates of birth were recorded. Any confusion, restlessness or dreaming during recovery was noted, as was the incidence of nausea and vomiting in the first 24 h after operation. The patients were asked whether they would be prepared to have the same anaesthetic technique again, and the anaesthetist gave an overall assessment of the infusion technique as being good, adequate or poor.
Paired and unpaired Student's t tests were used to analyse the results where appropriate. Recovery times were compared following log transformation of the results, as they did not follow a normal distribution.
RESULTS
There were 30 patients in each group, who were comparable with regard to age, weight and sex distribution (table I). The age range was 16-69 yr in each group and all operations were elective procedures. More patients in each group received subarachnoid blockade, but there was no significant difference between the groups. Table II shows the mean induction dose of propofol to have been 2.14 mg kg" 1 and that of methohexitone 1.46 mg kg" 1 . The induction time was slightly longer following propofol, but the difference was not statistically significant. There was no difference between the durations of the infusion in the two groups.
Complications occurring during induction are shown in table III. Five patients in each group complained of pain along the vein during injection of the induction agent, which was always given to the rapidly running i.v. infusion; this pain was severe in two of the patients who received propofol. Involuntary muscle movements during induction were few and mild with both drugs. There were no respiratory upsets following propofol, but two patients receiving methohexitone developed hiccup during induction. The incidence and duration of apnoea were both higher in those in whom anaesthesia was induced with propofol, but the difference did not reach statistical significance. The maintenance doses of both agents were similar: 102.8 ug kg" 1 min" 1 for propofol and 104.2 ug kg" 1 min" 1 for methohexitone (table II) . Initially, there was a tendency to use too low an infusion rate for propofol, but anaesthesia could rapidly be deepened by increasing the rate to maximum for a few minutes. Two patients who received propofol and three given methohexitone required bolus doses. With both drugs, however, control of depth of anaesthesia presented little problem. Involuntary movements during maintenance were mild and insignificant, occurring in five patients who received propofol and three who received methohexitone. The changes in heart rate and arterial pressure are shown in figure 1. In the control period, the heart rate was significantly faster in the propofol patients. Following induction, and at all times during the maintenance of anaesthesia, the heart rates in those given propofol were significantly lower than during the control period. There was no significant change with methohexitone throughout the procedure. At all times following induction the heart rate in the propofol patients was slower than in those receiving methohexitone, but not significantly so. There were no statistically significant differences in arterial pressure during the control period between the two groups, nor at any time during the infusion, although pressures were always lower in those given propofol. There was a significant decrease in arterial pressure in both groups following induction, which was maintained throughout the maintenance of anaesthesia. Atropine was required in five patients receiving propofol and in two receiving methohexitone, while metaraminol was given to one of the latter. No patient became apnoeic during the period of infusion.
The recovery times are shown in table IV. Recovery was more than twice as fast in those who received propofol, the difference being significant (P < 0.001). Particularly impressive was the clear-headedness of the recovery compared with that following methohexitone, and although only a subjective impression, all the anaesthetists involved in the trial and the recovery room personnel noted this point.
Recovery complications were few in both groups, but tended to be more frequent following methohexitone. Nausea and vomiting occurred in five (17%) of the patients following propofol, compared with eight (27%) after methohexitone. Two patients who received the latter drug were confused and restless during recovery, while two were also crying. Restlessness and confusion were not seen following propofol. No patient would refuse to have either propofol or methohexitone again, although eight of the former and three of the latter would refuse to have another regional block whilst conscious.
Anaesthesia was assessed by the anaesthetist as being good or adequate in all but one patient in each group. There was no evidence of an allergic reaction in any patient.
DISCUSSION
In order for an i.v. anaesthetic agent to be of use by continuous infusion, it must be rapidly cleared from the body so that cumulation is minimal, thus allowing easy control of depth of anaesthesia and rapid, uncomplicated recovery. Clinical studies of theoriginalCremophorpreparationofdi-isopropyl phenol indicated that it was suitable for use in this way (Major et aJ., 1982; O'Callaghan et al., 1982; Fragen et al., 1983) and this was confirmed by the early pharmacokinetic studies (Adam, Kay and Douglas, 1982; Adam et al., 1983) .
To date, pharmacokinetic data are not available for the emulsion formulation, propofol, although early studies have shown the ED B6 to be increased compared with the Cremophor preparation (Cummings et al., 1984) . The present study has shown that both the induction dose and that required to maintain anaesthesia by infusion were greater than that found when the original drug was used in a similar manner (O'Callaghan et al., 1982) . The depth of anaesthesia was readily and rapidly controllable by altering the rate of infusion, and particularly impressive was the rapid, clear-headed recovery, although detailed investigations of recovery were not made in this preliminary study. This suggests that the pharmacokinetic properties of propofol will confirm its suitability for prolonged infusion.
Because of the varying extent of the sympathetic blockade produced by the regional technique, it was not possible to make any definite comment on the cardiovascular effects of the two drugs. However, the use of propofol was associated with a significant decrease in heart rate and at all times this was lower, although not significantly so, than in patients receiving methohexitone. In both groups there was a significant decrease in arterial pressure from the control period and again this was lower (not statistically significant) in those who received propofol. The cardiovascular changes produced by the latter were very similar to those found with the original preparation when used in the manner described here (O'Callaghan et al., 1982) .
Methohexitone has been used quite extensively as a sole anaesthetic agent by intermittent injection and by infusion for such procedures as tonsillectomy in children (Liscombe, 1968) , conservative dentistry (Mann et al., 1971) and bronchoscopy (Hargrove and Pearce, 1964; Mclntosh et al., 1979) and also to supplement nitrous oxide anaesthesia (Hunter, 1972; Prys-Roberts et al., 1983) . Earlier investigations on blood concentrations were unable to explain the more rapid recovery following methohexitone than following thiopentone (Sunshine et al., 1966) , but the development of more sensitive assay techniques showed that the elimination half-life of methohexitone was relatively short (Breimer, 1976) . The decrease in liver blood flow during anaesthesia and surgery will result in an increase in half-life compared with that found in volunteers (Hudson, Stanski and Burch, 1982) . However, the pharmacokinetics of methohexitone are such that cumulation does occur after doses in excess of 600-800 mg (Sear, 1983 ) and hence it is not a suitable drug for infusions in excess of about 2 h.
In the present study both agents produced satisfactory anaesthesia to supplement regional blockade. The mean maintenance dose of methohexitone 104 ug kg" 1 min" 1 was higher than that reported to supplement nitrous oxide anaesthesia (Hunter, 1972; Prys-Roberts et al., 1983) ; there are no comparable figures yet available for propofol. The incidence of complications associated with the two drugs was similar, although severe pain on injection occurred only with propofol. This remains a problem. The important difference between the techniques was the rapidity and quality of recovery following propofol.
With the withdrawal of Althesin and the current ban on infusions of etomidate in the intensive care unit, there is an urgent need for an i.v. anaesthetic that can be given over prolonged periods without accumulation and allowing rapid recovery. The findings reported here strongly suggest that propofol would meet these requirements, but more extensive clinical trials are necessary to establish its role in this respect.
